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Abstract. Technology valuation, especially in the early growth stages of New Technology-
Based Firms (NTBFs), is one of the most critical challenges that most often hinders
investors and entrepreneurs' deals in the Venture Capital (VC) �nancing process. It is
clear that uncertainties arising from the likelihood of implementing public policies could
signi�cantly a�ect the volatility of NTBFs' cash 
ows in the �eld of cleaner production.
Commonly, these types of technologies require public supportive policies for achieving
success. Consequently, technology valuation is more challenging and traditional valuation
methods are not suitable anymore because of the de�nitive assumption of cash 
ow and
disregard for investors' 
exibility and uncertainty. Therefore, this study proposes a method
to perform the technology valuation of �rms during all their growth stages by introducing
a framework based on decision tree and real options analysis. Furthermore, unlike previous
papers that have utilized the compound options, the option to choose approach was used to
consider investors' 
exibility. Then, the proposed framework was supported by a case study,
which was conducted to verify and validate it. Finally, the conclusion section discusses the
contributions and limitations of the study and provides directions for future research.

© 2020 Sharif University of Technology. All rights reserved.

1. Introduction

Many scholars throughout the world have presented
some pieces of evidence that small- and medium-sized
technology-based enterprises lead to entrepreneurial
moves and wealth creation [1{3]. It is clear that
technology-based �rms with high levels of Research and
Development (R&D), production of new knowledge,
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and professional scienti�c and technical personnel [4]
are deemed as a vital source of creating new jobs [5].
Meanwhile, today's world needs cleaner productions
for reducing harmful materials; however, willingness to
invest in these types of technologies is a�ected by their
low return on investment, for which designing appropri-
ate policies and incentives is required [6]. To this end,
New Technology-Based Firms (NTBFs) can be useful
and must be supported through implementation of new
innovative public policies. For example, new environ-
mental policies in Japan have induced technological
innovation in this �eld [7]. According to Guerzoni and
Raiteri [8], supply-side policies (R&D subsidies and
tax credits) and demand-side ones (innovative public
procurement) may reduce the uncertainty associated
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with the development and commercialization of new
products of NTBFs, which will encourage investors to
�nance them.

To �nance the NTBFs, as one of the most
important challenges [9], the main problem of ven-
ture capitalists is the inability to ensure an accurate
technology valuation of such �rms, which is often a
signi�cant disruptive factor in the commercialization
process and in the most important discussion between
entrepreneurs and investors [10{15]. At the beginning
of partnership, most of the investors incline to value
the �rm's technology lower than its real value and
as a result, get a more signi�cant share of the �rm's
ownership in return for the amount of their investment.
Furthermore, entrepreneurs themselves are interested
in high valuation and possession of a large share of the
property due to their interest in the idea and also the
overestimate of the market [16]. Moreover, the results
of surveys show that investors are more interested
in investing during the commercialization stage and
are more reluctant to invest in the early stages of a
�rm's growth [17]. Therefore, focusing on the process
of technology valuation of NTBFs, especially in their
early growth stages, and considering the weaknesses of
traditional methods, this research has proposed Real
Options Analysis (ROA) by utilizing the option to
choose as a suitable approach to technology valuation
of these �rms. By considering the ROA, two types
of risks are identi�ed: market risk and private risk.
Market risk is related to variations in the expected
future incomes driven by market conditions such as
market demand and competition, etc. The private
risk is associated with the e�ciency and e�ectiveness
of a �rm during a project's implementation, which
is related to not only organizational productivity in
completing the project but also the e�ectiveness of a
�rm's technology [18]. According to Kodukula and
Papudesu [19], the ROA is only suitable for market
risk during the commercialization stage and also, real
option solutions do not validate the private risk during
the early growth stages of NTBFs. Indeed, to measure
the technology valuation of NTBFs during the early
growth stages, it is necessary to measure the success
probabilities, which are related to private risk and
applicable to Decision Tree Analysis (DTA).

This paper proposes a ten-step framework
according to ROA and DTA, which is suitable for
technology valuation of NTBFs ranging from the idea
to the commercialization stage. It initially identi�es
the critical success factors in assessing the private risk
in the early stages of their growth. Then, it deals with
volatilities that a�ect the cash 
ow and utilizes \the op-
tion to choose" to apply the investors' 
exibility during
the commercialization stage. The proposed framework
o�ers an option value by applying DTA and ROA
to the early and commercialization stages of NTBFs,

respectively, which is in fact the strategic Net Present
Value (NPV). This framework informs an investor by
exercising the options and managerial 
exibilities and
also by considering the uncertainties arising from the
likelihood of implementing the public policies, whether
the investment is feasible and pro�table or not.
Finally, to evaluate the above-mentioned framework,
the technology of a technology-based �rm is valued.

2. Literature review

2.1. Technology valuation and approaches
Nowadays, knowledge with its intangible aspects has
contributed to the growth of various �rms [20]. In
addition, technology-based assets such as patents and
technological know-how can generate revenue and cre-
ate value. In consequence, technological and innovative
assets play a crucial role in determining the value of
technology-based �rms [21{23].

The intellectual property term includes patent,
trademark, copyright, trade secret, and technological
know-how [24] and their valuation is attractive for
both universities and business sectors [25] because of
its application for diverse purposes such as technology
transfer negotiations, equity �nancing in Venture Capi-
tal (VC), and �nally using them as collateral to receive
bank loan [26].

According to previous studies, the main ap-
proaches to technology valuation have been distin-
guished into three main approaches: cost, market, and
income approaches [24,27].

Regarding the cost of its production, in the
opinion of some researchers like Battersby and
Grimes [28], the cost approach focuses on technology
valuation. In this approach, there are two methods
in terms of reproduction and replacement costs. This
approach is reasonable and simple due to the mere
emphasis on cost monitoring. However, due to the
complexity of technological projects, this approach
is not suitable for technology-based �rms. Moreover,
ignoring the future economic incomes resulting from
the commercialization stage should be considered as
another limitation of this approach [29].

In the market approach, access to the latest simi-
lar technology deals is required to compare their value
to achieve the value of new technology. In advanced
technology and radical innovation cases, �nding similar
technologies is often di�cult [30,31].

The income approach focuses on analysis of the
potential of technology to generate net incomes over
the technology life cycle (patent) along with the risks
involved in investment. In this approach, di�erent
valuation methods were applied by companies and
universities. According to the complexity of the mat-
ter, Discounted Cash Flow (DCF), risk-adjusted Net
Present Value (rNPV), NPV with Monte Carlo simu-
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lation, and ROA were the most widely used methods
[29].

2.2. Suitable approach and method for
technology valuation of NTBFs

Given that NTBFs are characterized by being the own-
ers of unique and unaccustomed technologies, technol-
ogy leaders in each industry, creators of new industrial
sectors, and sources of radical innovation as well as the
high risk associated with these properties [32{34], it is
clear that the income approach can be viably suitable
for technology valuation of such �rms. According to
this approach, the following is a brief literature review
on technology valuation methods of such �rms.

In a survey conducted by Roman et al. [29],
di�erent technology valuation methods, applicable to
university technology transfer, were considered. Their
�ndings did not recommend any unique method ap-
propriate for valuing all university technologies. They
found that each technology had some characteristics
and circumstances, in which a particular method or
combination of several methods could be useful for
determining valuation. Nevertheless, they identi�ed
the DCF as the most popular and easiest method to
value the academic technologies that could be used
in most technologies. In another study, DCF was
used to value the technology-based �rms because of its
simplicity in their early growth stages [35].

Wang and Tang [36] employed ROA to value
the agricultural technology-based �rms in the process
of VC as a consequence of the limitations of tra-
ditional methods such as investors' in
exibility and
inattentiveness to uncertainties. In this research, the
investor's options such as deferral and abandonment
were considered essential for �nancing the growth
stages of technology-based �rms, and due to the overall
valuation based on the constant information, DCF was
weakly assessed at the time of decision-making. Ac-
cording to Razgaitis [37], use of Real Options Method
was not just introduced as a valuation methodology,
but was known as a useful means for constructing
negotiations between investors and entrepreneurs and
achieving �nal agreement on a VC. Hunt et al. [38]
also emphasized the role of managerial 
exibilities
in R&D processes to reassess and modify decisions
and engage the environmental changes in management
decisions and recommended the ROA methodology for
technology valuation of technology-based �rms.

According to Kj�rland [39], Lee and Shih [40],
Batista et al. [41], Lee [42], Boomsma et al. [43],
Detert and Kotani [44], Martinez-Cesena et al. [45]
Abadie and Chamorro [46], Kim et al. [47], Kro-
niger and Madlener [48], Jeon et al. [49], Weibel and
Madlener [50], Zhang et al. [51], and Mart��n-Barrera
et al. [52], the traditional methods such as DCF
were not useful and adequate for valuing the renewable

energy projects; consequently, the ROA was proposed
and applied. They expressed several reasons such as
underestimating the value of technologies, in
exibility
of conventional methods in management decisions, and
lack of attention to market uncertainties for not using
the traditional valuation methods.

Of note, in all previous researches, ROA was
conducted and the investment could be devoted in
several stages by utilizing the compound option and
granting options to the investor to stop or continue
the investment in each stage. Now, for a technological
project, there is no research on the application of
investors' 
exibilities in order to abandon, expand, or
contract the investment in the commercialization stage.
Therefore, in this paper, a framework for technology
valuation of a technology-based �rm was proposed
and utilized by applying the mentioned 
exibilities via
option to choose in ROA.

Kodukula and Papudesu [19] believed that DCF
was based on a set of �xed assumptions related to the
deterministic income, where the income is uncertain
and probabilistic in the real world. An investor may
initiate the next steps of investment if it is desirable,
i.e., defer and abandon. The values of these contingent
decisions are not included in the DCF analysis because
the project is assumed to be in a predetermined and
�xed path.

Other traditional valuation methods are the ex-
panded forms of DCF, but they are not substitutes.
DCF takes a set of input parameters and calculates an
NPV for technology life cycle. Monte Carlo simulation
performs the same calculations thousands of times for
each scenario by only changing the input parameters.
The results of simulation, on average, show the dis-
tribution of project income based on the DCF. In a
condition where the simple DCF method is determin-
istic, Monte Carlo simulation provides the probability
distribution of the possible technology NPVs. Monte
Carlo simulation has the same drawbacks similar to the
DCF and does not deal with contingent decisions and
their impact on the technology valuation [29]. DTA
is an old method and a more sophisticated tool than
DCF, where the value of a multi-stage technological
project with contingent decisions is measured. It
calculates the risk by using the probability of outcomes
instead of the risk-adjusted discount rate. One of the
limitations of this method is subjective estimation of
the probabilities used in decision-making nodes and
critics argue that analysts and managers can distort
these numbers in their favor [19].

Despite the ROA potential for a broad use, the
application of this method remained limited due to
its newness, complexity, and the need for a higher
understanding compared with conventional methods
such as DCF. Furthermore, analysts and advisors'
attentiveness to this method, which better informs
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decision-making managers, limits its functionality and
applicability. Finally, use of the Black-Scholes method
rather than the binomial method made it an ambiguous
black box and these complexities have limited the usage
of ROA [19].

Regarding the utilization of ROA, both Black
Scholes and binomial methods are utilized for this
approach. Although the Black-Scholes method can be
applied in order to value di�erent problems with proper
setting, using this method for a complex problem
does not make it easier. This method has become
popular because (a) The binomial method is more

exible and easier to use than Black-Scholes, (b) The
input parameters such as strike price and volatility
can easily be changed over the option life time, and
(c) Convenience of explaining the results to top-level
managers to help managers make informed decisions.
Although the Black Scholes provides a more accurate
valuation outcome, the binomial lattice gives almost
close results to it [19]; therefore, in the current research,
the binomial method is applied to ROA.

Although several studies have employed newer
models of ROA, none of them has focused on how to
value the NTBFs for all stages of their growth. In
2014, Chen et al. [53] demonstrated that application of
ROA in stage �nancing could lead to a more reasonable
valuation of the IT programs; moreover, extra earning
was obtained. In this paper, the Black-Scholes pricing
model was used along with the geometric Brownian
movement to calculate the option value. In 2016, Chu
et al. [54] integrated ROA with robust least squares to
improve least squares Monte Carlo approach and then,
applied it to evaluate the Carbon Capture and Storage
(CCS) investment. In a case study accomplished in
China, robust ROA and ROA were compared and the
proposed robust ROA was more realistic and suitable
for CCS valuation than common ROA; however, robust
ROA program consumed much more time than ROA
program in numerical computations. Wang et al. [55]
used ROA in the R&D planning. They developed the

methodologies to help R&D managers to evaluate and
select the optimal investment decisions, which maxi-
mize the market payo� for the better R&D planning.
Finally, it should be noted that none of them considered
the research gap.

After reviewing the literature on technology val-
uation approaches and methods and considering the
features of NTBFs, it could be concluded that DTA
along with the binomial lattice of ROA and the option
to choose might be selected as the primary tools
for proposing a specialized framework to value the
NTBFs for all their growth stages from the idea to
commercialization.

2.3. Critical success factors and assessment of
the private risk of NTBFs

According to Kodukula and Papudesu [19], the uncer-
tainty about the e�ectiveness of a new technology was
attributed to the private risk and the probability of its
commercial success was related to the market risk. For
example, the e�cacy of a laboratory drug is related
to private risk and its product sales are subject to
market risk. An NTBF in the early stages of its growth
and before the production of its prototype involves the
private risk. Therefore, to value an NTBF in the early
stages of its growth, it is required to examine its private
risk by measuring its success probabilities. In what
follows, by reviewing the literature and using experts'
opinions, the critical success factors in assessing the
private risk are considered and determined.

Through the related previous studies, researchers
used various criteria to measure the success or failure
of NTBFs [56{61]. After preliminary adjustment of the
criteria and obtaining experts' opinions, the 33 critical
success factors were obtained. Finally, by considering
the de�nition of private risk in the early growth stages
of NTBFs and achieving experts' opinions, the factors
related to private risk were summed up to 10 criteria,
as shown in Table 1. These ten factors represent the
bases for calculating private risk in the early growth

Table 1. Critical success factors related to private risk with the importance of each factor.

Critical success factors Importance of
each factor

The existence of a business plan at the beginning of formation 0.08
Patent ownership 0.1
Motivation, experiences, and capabilities of teamwork 0.2
The ability and capacity of �rm directors for management and leadership 0.12
An integrated and cohesive team to transform an idea into a product 0.15
Risk of �rm managers 0.15
Teamwork education level 0.04
The presence of required experts and consultants to convert an idea into a product 0.05
The availability of needed appliances, labs, and equipment to convert an idea into a product 0.07
Having strategic links with universities and research centers 0.04
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stages of NTBFs and they can be applied to measure
the probability of success in the DTA. It should be
noted that in the event of failure in the early growth
stages of NTBFs, the technological project will be
terminated and investment in other stages will be
abandoned. However, in the event of success in the
early growth stages of NTBFs, the commercialization
phase associated with market risk begins and they can
be valued using the ROA. In Table 1, the signi�cance of
each factor was also determined by using the Analytical
Hierarchy Process (AHP) and experts' opinions. This
paper used AHP method as the simplest technique of
ranking. However, over the past few years, there have
been other competitive techniques for ranking alterna-
tives such as Weighted Distance-Based Approximation
(WDBA) and Distance-Based Approximation (DBA)
method [62{64], Euclidean Distance-Based Approxi-
mation (EDBA) [65], Multi-Criteria Decision Mak-
ing (MCDM), and Fuzzy Set Theory (FST) [66-68],
Visekriterijumsko Kompromisno Rangiranje (VIKOR)
MCDM method [69], FST and WDBA [70], Fuzzy-
TOPSIS (F-TOPSIS) and TOPSIS method [71,72],
Fuzzy Distance Based Approach (FDBA)' method [73],
fuzzy-based matrix methodology [74], Fuzzy Complex
Proportional Assessment (COPRAS) [75], Fuzzy Ana-
lytical Hierarchy Process (FAHP), COPRAS, VIKOR,
WDBA [76], Hybrid MCDM methods [77], and fuzzy
ELECTRE approach [78].

2.4. The growth stages of NTBFs
This paper considers the growth stages of NTBFs to
distinguish the private risk from the market risk during
these stages.

In a research study conducted by Ari and Vonor-
tas [12], growth of NTBFs was divided into �ve stages:
pre-seed, seed, start-up, mid-Life, and mature and
the �nancing sources were de�ned depending on their
growth stages. Bruno and Tyebjee [79] identi�ed up to
six stages and Gompers and Lerner [80] considered the
growth stages of NTBFs.

In another study, Lukas et al. [81] divided the
�nancing stages of VC into three main stages. The
�rst stage is dedicated to �nancing the R&D phase,
which deals with the period of converting an idea
into the prototype, consisting of the market analysis
and providing the business plan. This �rst stage is
called seed phase. If there are no further barriers
on the previous stage and product's market di�usion,
the initial start-up stage of NTBFs begins. At this
stage, an entrepreneur is ready to produce products,
develop a market, create organizational structures,
and provide production facilities. In the third stage,
known as the commercialization stage, products are
marketable. Thus, they need to be distributed so that
their prevalence in the market can begin.

According to the characteristics of technology-

based �rms and based on clarity and simplicity of
stages in the research of Lukas et al. [81], the current
paper uses their categorization to distinguish between
the growth stages of NTBFs. Regarding the de�nition
of private and market risks, the �rst two stages are con-
sidered as the private risk and the commercialization
stage is relevant to the market risk.

3. Methodology

3.1. Framework for technology valuation of
NTBFs

Many scholars have introduced multi-step frameworks
for valuing various projects and deciding to invest in
them [19,82,83]; in addition, in the �eld of renewable
energy, there is a speci�c framework for developing
countries [84]. Although these frameworks apply to
the consideration and valuation of di�erent types of
projects, they are not suitable for technology valua-
tion of technological projects or NTBFs from an idea
(seed) to commercialization, especially in the �eld of
cleaner production. This paper proposed a ten-step
framework, as shown in Figure 1, to eliminate that
problem by reviewing the literature and demanding
experts' opinions.

At the �rst step, the �rm's technology life cycle is
determined in the three mentioned growth stages based
on experts' opinions. At the second step, following the
commercialization stage of the technology-based �rms,
some of the options such as expansion, abandonment,
and contraction are considered and determined by the
option to choose during the option lifetime and based
on the conditions reached by the �rm. In a technology-
based �rm, it may be desirable to begin commercial-
izing with the most likely production capacity; then,
after considering the market condition, expansion,
abandonment, or contraction of production capacity
will proceed. Therefore, the salvage value of project
abandonment, which equals the value of NTBFs' patent
in some cases, should be considered in the option
valuation calculations. Likewise, the amount and
cost of expansion and contraction will be determined
according to the favorable and unfavorable conditions
of the market. At the third step, the principal variables
related to income volatilities of the technology-based
�rm are identi�ed by experts' opinions and they are
used to determine the cash 
ows under three estimates
of optimistic, most likely, and pessimistic. It is clear
and should be remarked that the public policy variable
has signi�cant e�ect on income volatilities of such �rms
in the �eld of cleaner production. At the fourth step,
according to the option lifetime of the technology-
based �rm during the commercialization stage and
considering the NPVs of the �rm's cash 
ows under
three estimates of optimistic, most likely, and pes-
simistic, the annual volatility will be calculated using
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Figure 1. Ten-step framework for technology valuation of New Technology-Based Firms (NTBFs) from idea to
commercialization.

the management assumption approach via Eq. (3). At
the �fth step, the underlying asset value which is the
NPV of most likely cash 
ows is taken by respecting
the risk-adjusted discount. The risk-adjusted discount
rate will be calculated by considering the real interest
rate, the expected in
ation rate, the hurdle rate of
the investor, and the predicted risk [85]. At the sixth
step, the asset values are calculated during the binomial
tree's time step by moving from the left to the right side
of the tree with upward and downward movements and
based on the equations of option valuation section. At
the seventh step, the option value will be calculated
for each node by comparing the values of �rms' option
to choose with the value calculated by the backward
induction equation, as demonstrated in the option
valuation section. At this step, Real Option Value
(ROV) is compared with the technology's NPV in
the commercialization stage of the �rm and the value
added is determined. At the eighth step, the success
probabilities and the costs related to the seed and
start-up stages of �rms' growth are determined. Then,
the option value of commercialization stage will be
converted into the zero year by using the mentioned
success probabilities, risk-free interest rate, and the
cost and duration of each stage. Note that the success
probability of technology-based �rms in the seed stage
of their growth is estimated through the private risk
factors in Table 1. Similarly, for measuring the success
probability of �rms' start-up stage and based on the

characteristics of this stage, four factors such as the
ability to produce, creation and development of the
market, creation of an organizational structure, and
provision of production facilities will be weighted and
scored by experts. The ninth step involves examining
the ROV of the overall stages in the zero year regarding
sensitivity analysis of volatility key variables and decid-
ing that the investor chooses to invest or not according
to issues.

3.2. Option to choose and compound options
A real option in its simplest case is the right (not
an obligation) to invest in a project in future. The
deferral option is an American call option with the
right to delay the start of a project or each stage
of technology development. The option to expand is
also an American call option that gives the right for
project expansion to its owner. Abandonment and
contraction options are the American put options and
their owners have the right to abandon or reduce the
scale of the project by selling all or parts of their
assets. The idea behind this is that the option may be
exercised and the project could be initiated, expanded,
contracted, or abandoned. The option allows us to
avoid the disadvantages of the negative risk while to
take advantage of the positive risks at the same time.
The option to choose combines and considers multiple
di�erent options as a single option. The reason for
using the chooser name for this option is the reason
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why we can keep the option open and continue with the
project, or choose one of the expansion, contraction, or
abandonment options to exercise [19].

The deferral option is the best option for technolo-
gies whose owners have a monopoly and intellectual
property rights, or entry barriers are so di�cult that
their owners do not lose their incomes by waiting during
the option lifetime [19]. Therefore, due to the lack of
full protection of intellectual property rights in Iran,
the exercise of the deferral option was not possible to
be covered in this paper; therefore, three options of
expansion, contraction, and abandonment were utilized
accordingly. Furthermore, at the second step of the
valuation framework in Figure 1, given that NTBFs
often do not start with full capacity, costs and incomes
of the three above-mentioned options will be predicted
for calculating the option values at the seventh step.

As mentioned earlier, in previous researches, the
compound options have been used. In order to
describe the compound options, it is explained that
some of the investment projects have several decision-
making stages, meaning that management can decide
to extend, reduce, defer, or abandon the project after
achieving new information to resolve the uncertainty.
In consequence, the whole �nancing process can be
divided into several stages so that the investor can
bene�t from the mentioned options at the end of each
stage [19].

3.3. Option valuation
The binomial method is one of the most widely used
methods for ROA and option valuation. It can be
represented by the binomial tree for three stages, as
shown in Figure 2. S0 is the present value of the
underlying asset value. In the �rst stage, the tree goes
up and down and from there continues to go either
up and down in the following stages. Movements up
and down are shown by upward (u) and downward
(d) factors, in which u is greater than one and d less
than one and we assume u = 1=d. The values of these
factors depend on the volatility of the underlying
asset value over the option lifetime. In the �rst stage,
the binomial tree has two points that represent the

Figure 2. A binomial tree for three stages.

possible values for the asset (S0u; S0d) at the end of
that time stage. Similarly, the second stage has three
nodes and three di�erent values for assets (S0u2,
S0ud, S0d2) and the third stage has four points and
four di�erent values for assets (S0u3, S0u2d, S0ud2,
S0d3), and so on. The four last nodes at the end of
the binomial tree indicate the possible range of asset
values at the end of this option lifetime [19].

The basic methodology of this approach is to take
advantage of risk-neutral probabilities, including risk
adjusting the �nancial cash 
ows across the binomial
tree with risk-neutral probabilities and discounting
them at the risk-free interest rate. Regardless of the
option to be valued, the binomial lattice that represents
the value of the underlying asset can be described in
Eqs. (1) and (2) [19]. The inputs required for forming
a binomial tree and calculating the option value are �,
r, S0, X, T , and �t that represent volatility factor,
the risk-free interest rate, the present value of the
underlying asset value, the cost of the option to exercise
(the amount of investment), the life of the option, and
the time step, respectively. The upward (u) and down-
ward (d) factors are a function of the underlying asset
volatilities and are calculated through Eqs. (1) and (2):

u = exp
�
�
p
�t
�
; (1)

d = exp(��p�t); (2)

where � denotes volatility due to the variability of the
total value of the underlying asset and it is related to
the uncertainty of cash 
ows over the option lifetime.
There are four principal methods for estimating the
volatility as follows: logarithmic cash 
ow returns
method, project proxy approach, market proxy ap-
proach, and management assumption approach. Three
of them su�er from some serious weaknesses in estimat-
ing the volatility of new technological projects such as
the inability for use in cases with negative cash 
ow, the
absence of projects with similar market volatility, and
the lack of similar �rms with the closing stock price to
the technology-based �rm. However, in the proposed
framework, the management assumption approach is
used due to the mentioned reasons and the charac-
teristics of NTBFs as a simple and practical method.
In this approach, the manager or investor estimates
optimistic (Sopt), pessimistic (Spes), and most likely
(average) (S0) expected payo�s for project lifetime (t).
Assuming that the payo� is followed by a lognormal
distribution and by knowing any two of the three
mentioned estimates, the volatility of the underlying
asset value is calculated using one of Eq. (3) as follows:

� =
ln
�
Sopt
S0

�
2
p
T

; � =
ln
�

S0
Spes

�
2
p
T

; � =
ln
�
Sopt
Spes

�
4
p
T

: (3)
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Risk-neutral probability (p) is de�ned according
to Eq. (4), where r is the risk-free interest rate or rate of
return on a riskless asset during the option lifetime. In
fact, p is a mathematical intermediate, which allows for
discounting the cash 
ows by using a risk-free interest
rate.

p =
exp (r�t)� d

u� d : (4)

The present value of expected free cash 
ow
based on the calculation of DCF method indicates
the underlying asset value that is calculated using the
proposed framework and by utilizing the most-likely
cash 
ows. The equations above are used to calculate
the asset values with forward movements at each node
of the binomial lattice, but for calculating the option
values with backward induction, Eq. (5) is used. C is
the discounted (at the risk-free rate) weighted average
of potential future option values using the risk-neutral
probability.

C = pCu + (1� p)Cd] exp(�r�t): (5)

In the backward induction, calculated option
values are compared with the values of the option to
choose and we decide to exercise the options at each
node of the binomial lattice.

4. Application of the proposed framework to a
NTBF as the results and discussion

An Iranian technology-based �rm that using a tech-
nology for production of nano anti-bacterial tiles was
selected for applying the proposed framework. With
the application of this technology, this �rm can produce
the ceramics usable for health and medical areas
with antibacterial properties, which can eliminate the
disease factors. By using the antibacterial materials
on the nano scale during the process of production,
it is feasible to produce the antibacterial ceramics
for achieving completely clean and hygienic surfaces.
This �rm is at the stage of the idea (seed) and
for its technology valuation, all of the ten steps are
implemented as follows:

� First step: The �rm's technology life cycle (from
idea to commercialization) was determined to be
eight years based on experts' opinions. According
to the growth stages of the technology-based �rm,
the division of its technology life cycle is shown in
Figure 3.

� Second step: To determine the option to choose,
three options of abandonment, expansion, and con-
traction were considered during the commercializa-
tion stage of this �rm. At any time during the �ve-
year commercialization period, the �rm can aban-
don the manufacturing operations by assigning the
technology patent and selling the other properties
for a salvage value of $230,000 and expanding 35%
by investing $150,000 or contracting 30% of its
current operations to save $120,000.

� Third step: In this case study, by considering the
experts, investors, and technology owners' opin-
ions, the critical volatility variables of a relevant
technology-based �rm were determined to estimate
the cash 
ows under three estimations of optimistic,
most likely, and pessimistic. The results are shown
in Table 2. Note that the most likely estimation
is obtained from the mean of two optimistic and
pessimistic estimates. During the process of de-
termining the values of variables, the optimistic
estimation is close to the proposals of the technology
owner and the pessimistic estimation is close to the
investor's proposals. Ultimately, the experts present
the adjusting opinions for determining the �nal
optimistic and pessimistic cash 
ows. Determined
critical volatility variables are as follows:

� New products (possibility to reveal new products
and in
uence the market of a relevant �rm's
products);

� In
ation (given the high exchange rate 
uctua-
tions in Iran, it is possible to increase in
ation
considerably);

� Public policies (at the moment, the sale of
technology-based products is supported and sub-
sidies are granted to their sale; this support may
increase or decrease during the commercialization
stage).

It should be noted that for the calculation of a
relevant �rm' cash 
ows, in addition to considering
the critical volatility variables, the market study was
performed to achieve results, as shown in Table 2. In
order ensure the success of the market study of nano
anti-bacterial tiles as the product of the mentioned
�rm, the following elements were identi�ed and con-
sidered: the number of imported products, projects
under construction, and target markets such as hospi-
tals and in particular their surgery rooms, emergency

Figure 3. The division of the �rm's technology life cycle in the growth stages.
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Table 2. Critical volatility variables along with cash 
ows under three estimations, namely optimistic, most likely, and
pessimistic.

Critical volatility variables:
New products, in
ation, and public policies

Investment and annual costs Income Cash 
ows

Year Pessimistic Most-
likely

Optimistic Pessimistic Most-
likely

Optimistic Pessimistic Most-
likely

Optimistic

2017 123,888 123,888 123,888 | | | 123,888 123,888 123,888
2018 214,973 168,938 122,902 258,233 354,960 451,687 43,260 186,023 328,785
2019 288,676 226,858 165,039 356,273 489,723 623,172 67,597 262,865 458,133
2020 321,758 252,855 183,952 365,101 501,858 638,614 43,343 249,003 454,662
2021 368,475 289,568 210,660 419,915 577,203 734,490 51,440 287,635 523,830
2022 369,766 290,583 211,399 445,248 612,025 778,802 75,482 321,443 567,403

rooms, health centers, industrial kitchens, hotels and
restaurants, swimming pools, livestock and poultry
slaughterhouses, industrial refrigerators of food prod-
ucts, home and public toilets, especially in educational
and training centers, mosques and public places, etc.

� Fourth step: The NPVs of a �rm's cash 
ows
without taking risks and at a discount rate of
15% (central bank interest rate) were estimated
in optimistic, most likely, and pessimistic modes
during the commercialization stage.
� Pessimistic NPV: $52,418;
� Most likely net present value: $630,111;
� Optimistic net present value: $1,207,804.

� Fifth step: By incorporating the NPVs of the �rm
in optimistic and pessimistic modes and applying
Eq. (3), based on the management assumptions
approach, the annual volatility was calculated at
about 35% as follows:

� =
ln
�
Sopt
Spes

�
4
p
T

=
ln
�

1;207;804
52;418

�
4
p

5
= 0:3507:

� Sixth step: In this step, by calculating the risk equal
to 0.31 and taking into account the NPV of the �rm
in the most likely mode, the underlying asset value
was obtained as follows:

Underlying asset value (risk-adjusted NPV )

=
630; 111

(1 + 0:31)
= 481; 001:

� Seventh step: The asset values and binomial tree
were determined and depicted during the commer-
cialization stage regarding the variables and calcu-
lations were demonstrated. It should be noted that
the risk-free interest rate was considered a bit high
in this research because, at the time of performing
this study, the annual interest rate by the Central

Bank of Iran was 15%. In Figure 4, the top numbers
represent the asset values and the bottom italicized
numbers represent the option values.

S0 = $481000
� = 35%
Expansion Factor = 1:35
Contraction factor = 0:70
Salvage value = $230000
u = exp(�

p
�t) = 1:419

T = 5 Year
r = 15%
Cost of expansion = $150000
Saving of contraction = $120000
�t = 1Year
d = 1

u = 0:705
p = exp(r�t)�d

u�d = 0:640:

� Eighth step: The option values were calculated
by backward induction and based on the option
to choose. At this step, to calculate the option
value, there is an option to either continue the �rm's
current operation level and keep the option open for
the future or:
� To terminate the technology-based �rm at a

salvage value of $230,000 which is equivalent to
the value of patent assignment to rival applicants;

� To invest $150,000, for expanding by 35%;
� To save $120,000, for contracting by 30%.

It should be noted that the above numbers
were estimated for the related case study. At this
step, each node exercises one option that provides
the maximum value for the technology-based �rm.
For example, at the node of S0u5 at the last
time step, the expected asset value was $2768300.
Therefore, calculation of asset values for exercising
each option is given below:
� Abandonment: $230,000;
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Figure 4. The binomial tree for the option to choice of case study.

� Expansion:

(1:35 � $2768300)� $150000 = $3587200;

� Contraction:

(0:70 � $2768300) + $120000 = $2057800:

The maximization shows that the option to
expand would be exercised at this node; therefore,
the option value here becomes $3587200. The same
calculations were implemented for other nodes at
this time step.

In the case of intermediate nodes, by moving
one step away from the last time step, at node
S0u4, the discounted (at the risk-free rate) weighted
average of potential future option values using the
risk-neutral probability will be obtained through
Eq. (5) as follows:

C = pCu + (1� p)Cd] exp(�r�t)
= [0:640($3587200) + (1� 0:640)($1705900)]

� exp(�0:15) = $2504500:

Then, the asset value will be calculated for exercis-
ing each of the available options as follows:
� Abandonment: $230,000;
� Expansion:

(1:35 � $1950800)� $150000 = $2483600;

� Contraction:

(0:70 � $1950800) + $120000 = $1485600:

The maximization implies that the option
would be kept open at this node; therefore, the
option value here becomes $2504500. The same
calculations were performed to show the option
values for all the nodes in Figure 4.

The calculations show that the �rm's NPV
for the commercialization stage based on the risk-
adjusted DCF method was $481,000 compared to
the ROV of $589700. There is a signi�cant di�er-
ence valued at $108700, which is the value added
due to the application of real options and so, the
management or investor can consider it in making
investment decisions. Figure 4 shows strategic val-
ues at di�erent points of the option lifetime, during
which decision-makers rely on the expected asset
values to whether keep the option open and continue
with this technology or to exercise any one of the
options to expand, contract, or abandon. Note that
in other cases, for technology valuation of NTBFs
a�airs, it is not required to use all these three options
(abandonment, expansion, and contraction) at the
same time and it su�ces to use one or two of them,
accordingly.

� Ninth step: At this step, according to the frame-
work, the investment costs related to the seed and
start-up stages of this �rm were estimated as equal
to 50 and 150 thousand dollars, respectively. Then,
to calculate the success probability in the seed stage,
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Table 3. Calculation of private risk according to the importance and experts' scoring to each factor.

Critical success factors Factor's
importance

Score of
experts

(1 to 100)
The existence of a business plan at the beginning of formation 0.08 70
Patent ownership 0.1 0
Motivation, experiences, and capabilities of teamwork 0.2 90
The ability and capacity of �rm directors for management and leadership 0.12 80
An integrated and cohesive team to transform an idea into a product 0.15 90
Risk of �rm managers 0.15 70
Teamwork education level 0.04 90
The presence of required experts and consultants to convert an idea into a product 0.05 85
The availability of needed appliances, labs, and equipment to convert an idea into a product 0.07 85
Having strategic links with universities and research centers 0.04 80
Success probability 0.742
Failure probability 0.258

the �lling of Table 1 and the scoring were performed
by the experts' opinions, as described in Table 3.
Note that according to the conditions of other �rms,
the importance of the factors and the scoring of
them may be changed. According to Kodukula and
Papudesu [19], the discount rate was slightly higher
than the risk-free interest rate 15% and was equal to
18%. Therefore, the technology-based �rm's ROV
up to the seed stage was calculated in terms of both
market and private risks and the ROA and DTA
methods were combined in the following.

By calculating the success probabilities, Fig-
ure 5 shows the performance of DTA. The success
probability of this �rm during the start-up stage was
0.854 and the details of the calculations were not
presented in this paper. Figure 5 shows that if the

technology-based �rm cannot produce the prototype
at the seed stage, then investors will not invest at the
next steps and will proceed to terminate investment.
Moreover, despite the success of the �rm in the seed
and start-up stages, the investor may not pursue
the commercialization stage in case of the market
uncertainty and a negative NPV. All calculations
are given in Table 4.

According to the calculations in Table 4, �-
nally, the �rm's NPV in the seed stage is $83,108.
With the application of this framework, in addition
to achieving a value added equal to $108700 in the
commercialization stage, the ability to perform the
technology valuation of NTBFs was provided from
idea (seed) to the commercialization stage, which
has remained unanswered up to now. Moreover,

Figure 5. Decision tree for the early stages of the growth of case study.
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Table 4. Decision tree calculations according to Real Options Analysis (ROA).

Input data Values and calculations
Discount rate in decision tree calculations 18%
Seed phase duration 1 year
Seed phase cost $50000
Probability of success in the seed phase 0.742
Probability of success in the start-up phase 0.854
Start-up phase duration 2 years
Start-up phase cost $150000
Option value in the commercialization phase $589700
Start-up phase of technology-based �rm
Firm payo� at the end of year 3 0.854 ($589700)+ 0.146 ($0) $503604
Firm's present value at the end of year 1 $503604 /(1+0.18)2 $361680
Start-up phase cost ${150000
Firm's NPV at the end of year 1 $361680-$150000 $211680
Seed phase of technology-based �rm
Firm payo� at the end of year 1 0.742 ($211680) + 0.258 ($0) $157067
Firm's present value at the end of zero year $157067 / (1+0.18)1 $133108
Seed phase cost ${50000
Firm's NPV at the end of zero year $133108-$50000 $83108

in the absence of ROA in the commercialization
stage and based on the NPV of $481000 at the
end of the start-up stage and the beginning of
commercialization stage, the �nal NPV at the seed
stage will be obtained equal to $41185 instead of
$83108. The $41923 di�erence is the value added
to the technology valuation at the seed stage by
applying the ROA to the commercialization stage.

� Step tenth: At this step, in addition to the above-
mentioned value added, sensitivity analysis of the
volatility key variables was performed, which was
not needed and included in this paper because of
the high value of NPV.

5. Conclusion

This study discussed the challenge of technology val-
uation of New Technology-Based Firms (NTBFs) in
the �eld of cleaner production, especially in the idea
(seed) stage of their growth. According to the literature
review, appropriate methods for technology valuation
of such New Technology-Based Firms (NTBFs) were
selected and developed to include managerial 
exi-
bilities based on the uncertainties in public policy,
systematically.

5.1. Novelty and contribution
A ten-step framework was proposed based on a combi-
nation of Real Options Analysis (ROA) and Decision
Tree Analysis (DTA). This framework was applied to
performing the technology valuation of such NTBFs
from idea to the commercialization stage such that
a comprehensive framework, especially in the early

growth stage of the �rm, was not presented before this
research. Furthermore, unlike the previous researches
that utilized the compound options in several stages
of �nancing, an option to choose was used to ap-
ply investors' 
exibilities during the commercialization
stage at the second step of the proposed framework,
matching the characteristics of NTBFs.

In this paper, a case study related to the technol-
ogy valuation of Iranian NTBFs in the �eld of cleaner
production was presented. Iranian NTBFs were in the
seed stage and a technology for production of nano anti-
bacterial tiles was utilized in terms of the dimensions
of the proposed framework encompassing all three
options of abandonment, expansion, and contraction
and all of ten steps were taken. However, to value the
technology of other NTBFs, depending on which stage
of growth the �rm is, it may not be possible to use
all steps of this framework. Therefore, if a �rm is in
the commercialization stage of growth, then the DTA
and private risk assessment will be ignored during the
process of the framework. Moreover, depending on the
circumstances and valuation status of the �rm, one,
two, or all of three options may be applied.

5.2. Implications for industrial engineers
As already discussed in the case study, the application
of ROA led to a signi�cant value added to the value
of the technology-based �rm both at the commercial-
ization and seed stages. In this way, by comparing
the value of technology in the commercialization stage
of $589700 and its value at seed stage of $83108, the
investors may �nd su�cient motivation to invest in
the early stages of �rms, which turns to be a real-



3334 K. Fattahi et al./Scientia Iranica, Transactions E: Industrial Engineering 27 (2020) 3322{3337

world engineering application. Moreover, using this
framework, a manager, investor, or venture capitalist
has the right to invest in the later growth stages of
such �rms or terminate his investment by considering
the implementation or non-implementation of public
policies in the future. With the application of this
approach to valuation and participation, it may result
in encouraging the investors and increasing their par-
ticipation in the early stages of such NTBFs, leading to
fostering the development of innovation and technology
in the �eld of cleaner production. In addition, the
application of the ROA instead of traditional methods
such as Discounted Cash Flow (DCF) or Net Present
Value (NPV) can help industrial engineers who are
active in the �eld of project management to consider

exibilities and uncertainties in the feasibility study of
projects.

5.3. Limitations and future scope
In the section on assessing the private risk and de-
termining the success probability, it may be possible
to apply better methods to future research and also
it is needed to measure the impact of utilizing this
framework on encouraging the investors to invest in
the early growth stages of NTBFs. Additionally, this
research should be extended to include game theory
for determining the option price during the technology
valuation.
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